SI-1A: Adsorption Energies for CO adsorption on Hägg carbide surfaces
: CO adsorption on the five most stable Hägg carbide surfaces in various configurations and their corresponding adsorption energies. Adsorption modes found are Top (either on Fe or on C), Bridged, 3-fold (either on Fe-only or on 2Fe and 1C), 4-fold (either on Fe-only, like 2B or on 3Fe and 1C), 5-fold, and 6-fold For the direct CO dissociation, we assume that the CO molecule obeys the LangmuirHinshelwood mechanism, therefore the first step in the mechanism is adsorption of the CO molecule. The second step is the dissociation of the CO molecule to C and O.
CO + * CO* (1)
We assume that CO adsorption is in equilibrium and very fast compared to the CO dissociation, therefore, K is defined as:
where ߠ ை and ߠ * stand for the CO coverage and free sites, respectively, adding up to unity.
శభ షభ
is the ratio between the forward and backward rate constants of the adsorption.
Therefore, we can write:
Meanwhile ‫ܭ‬ can be calculated as follows:
Where ‫ܩ߂‬ is the standard Gibbs free energy for CO adsorption, k is the Boltzmann constant, T the temperature and P 0 the standard pressure. Δμ (T, P ) is the chemical potential of CO in the gas phase. Here, T = 500 K and P = 3×10-5 Pa, corresponding to low coverage of CO that were used in our study.
To take changes in entropy (S) and enthalpy (H) into account, Δμ େ and Δμ ୌ were determined using the NIST thermodynamic tables 1 and the abovementioned values for temperature and pressure in the following formula:
We have applied a value for Δμ େ of 91.59 kJ/mol and a value for Δμ ୌ of 62 kJ/mol in our paper.
The rate for CO dissociation can be written as
where
In this formula, ߥ and ‫ܧ‬ stand for the pre-exponential factor and the forward reaction energy barrier for the CO dissociation reaction, as found in table 2.
For the H-assisted CO dissociation pathway, the following reactions have to be taken into account.
CO + * CO* ( Now, the reaction rate can be defined as
Where ݇ ௦ is the rate constant for the rate limiting step, which is defined as
‫ܧ‬ ௦ is defined as the (lumped) reaction barrier, where the ΔE of reaction 3 and 4 was taken for the CHO pathway and the ΔE of reaction 5 and 6 was taken for the COH pathway. ‫ܭ‬ ଵ is defined as
SI-3B: Derivation rate equation for C-CO assisted C-O bond scission
For the direct C-CO dissociation, we assume that the CO molecule obeys the LangmuirHinshelwood mechanism, therefore the first step in the mechanism is adsorption of the CO molecule. The second step is the reaction of the CO with a C from the surface, termed the C s .
After the formation of this intermediate species, dissociation of the CO molecule results in the formation of C s C and O. Because we are using both regular empty sites and C from the surface, it is necessary to introduce a dual site model. In this model we denote the regular sites as ߠ * and the C from the surface as ߠ ೞ .
CO + * CO* (1) CO* + C s C s CO + * (2) C s CO + * C s C + O* (3)
For the regular sites we get the following equations for the coverage:
For the surface C sites we get the following equations for the coverage:
The rate for CO bond scission is expressed as:
Where K 1 , K 2 and k 3 are defined as follows:
The following reactions were used for the H-assisted CCO dissociation:
CO + * CO* (1) value using the data in Table S5 .1. We have determined the H 2 adsorption energy by using the reported total energy of an adsorbed H atom on the (510) 0.0 surface and subtracted the provided empty (510) 0.0 and our own value for the energy of H 2 in the gas phase (using the same VASP settings as employed by Pham et al.) . The adsorption energies used in our kinetic model are shown in Table S5 .2, evidencing that the estimated H 2 adsorption energy is within the range of the H 2 adsorption energies of the other surfaces. Table S5 .3 shows the overall reaction energy for the C-O bond breaking and an estimation of the pre-exponential factors for the forward reaction. 
